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Hepcidin 基因亚型（Hepcidin-1 和 Hepcidin-2），并研究了其在大弹涂鱼不同组
织中的表达、不同实验条件下的表达变化、生殖前期和生殖高峰期时不同的表达
情况以及 Hepcidin-2 在精巢和贮精囊中的细胞定位。主要结果如下： 
1. Hepcidin-1基因的部分片段长 412 bp，其中开放阅读框长 267 bp，编码
一个由 88 个氨基酸组成的多肽片段。Hepcidin-2 基因的部分片段长 345 bp，其
中开放阅读框长 267 bp，编码一个由 88个氨基酸组成的多肽片段。 
2. 蛋白质比对分析发现，大弹涂鱼的两种 Hepcidin 多肽结构与其他硬骨鱼









4. 以 LPS（lipopolysaccharid，脂多糖）和 Dextran-iron 注射大弹涂鱼，研
究两种 Hepcidin 基因在雄鱼性腺中的表达变化情况。结果发现注射 LPS 后 6 h，
精巢和贮精囊组织中 Hepcidin-1的表达量都显著上调，而 Hepcidin-2 在这两个组





















6. 为了了解 Hepcidin-2与性腺发育的关系，使用催产素 LHRH-A3在非生殖
期（11月）注射大弹涂鱼。结果表明，注射后 24 h贮精囊和精巢之中 Hepcidin-2
的表达量明显上调。 






















The mudskipper (Boleophthalmus pectinirostris), a burrow-dwelling fish 
inhabiting intertidal mudflats, is widely cultured in the southeast coastline of China, 
due to its economic value. Our previous study indicated that during the spawning 
season, the female fish laid their eggs in the spawning chamber in the burrow of a 
male fish. It needs about 5 days for fertilized eggs to hatch. Although the mud and 
water in the chamber contain a lot of pathogenic bacteria, the egg envelope and 
embryos of fertilized eggs keep clean during the hatching period and the hatching rate 
is about 99.7%. In order to understand the antibacterial mechanisms of this fish during 
spawning, we cloned two kinds of hepcidins and further studied their expression 
levels and patterns in tissues, under different experimental conditions and during the 
spawning and pre-spawning seasons. In addition, we analyzed cellular localization of 
these two genes in the testes and seminal vesicle. The main results and conclusions 
are as follows: 
1. The partial sequence of Hepcidin-1 was 412 bp contained an open reading 
frame of 267 bp encoding an 88-aa prepropeptide. The partial sequence of Hepcidin-2 
was 345 bp contained an open reading frame of 267 bp encoding an 88 prepropeptide, 
too. 
2. The alignment of the hepcidin protein sequences from B. pectinirostris and 
other vertebrates showed that the 8 cysteine residues are highly conserved in all the 
species studied, and the 4 disulfide bonds they formed in the mature peptide are 
essential for the peptide to conform the characteristic antiparallel β-sheet. We have 
found a hypothetical iron regulatory sequence Q-S/I-H-L/I-S/A in the N terminus of 
the Hepcidin-1 putative mature peptide. The phylogenetic tree built up by some 
known vertebrate hepcidin mature peptide sequences showed that these two hepcidin 
variants of B. pectinirostris were divided into the two branches: HAMP 1 and HAMP 
2. 
3. Quantitative real time PCR was used to analyze the expression of Hepcidin-1 















expressed in the liver, while Hepcidin-2 was relatively wide expressed in all the 
tissues. It was especially highly expressed in the liver, spleen and testes. 
4. Fish were injected with LPS（lipopolysaccharid）and Dextran-iron to study 
the expression of two hepcidin variants in male gonad. It was found that the 
expression of Hepcidin-1 was significantly up-regulated in the testes and seminal 
vesicle 6 h after injection with LPS while Hepcidin-2 was significantly up-regulated 
in the testes and seminal vesicle 3, 6, 24 h after injection with LPS. Hepcidin-1 was 
significantly up-regulated only in the liver 24 h after injection with Dextran-iron. 
5. Using real time PCR, we found that during the peak spawning (May and June) 
season the expression of Hepcidin-1 was not significantly changed in the testes and 
seminal vesicle, while before the spawning season (March) Hepcidin-1 was 
significantly up-regulated in the seminal vesicle. It is very interesting to find that 
during the peak spawning (May and June) season, the expression of Hepcidin-2 was 
significantly up-regulated in both testes and seminal vesicle. The expression of 
Hepcidin-2 also continued to increase from February to May. 
6. In order to understand the role of Hepcidin-2 during gonadal development, , 
we injected the fish with LHRH-A3 in November. The results showed that Hepcidin-2 
was significantly up-regulated in both testes and seminal 24 h after injection. . 
7. The results form the in situ hybridization showed that Hepcidin-2 was 
specially expressed in the Leydig cells in the testes and in the epithelial cells of the 
cysts in the seminal vesicle. 
Taken together, the results from the present study suggested that these two 
hepcidins may have different functions; Hepcidin-1 may play a dual role in both iron 
metabolism regulation in the liver and a short antimicrobial response in the gonad, 
while Hepcidin-2 is more specialized in the immune defense in B. pectinirostris. 


















缩略语 英文全称 中文全称 
   AMPs Anti-microbial peptides 抗菌肽 
Amp Ampicillin 氨苄青霉素 
BAN 4-bromoanisole 4-溴苯甲醚 
BLAST Basic local alignment search tool 基本局域联配搜索工具 
Bp Base pair 碱基对 
cDNA Complementary DNA 互补脱氧核糖核酸 
DEPC Diethyl pyrocarbonate 焦碳酸二乙脂 
DMT1 Divalent metal transporter 1 二价金属离子转运蛋白 1 
DNA Deoxyribonucleic acid 脱氧核糖核酸 
EDTA Ethylene diamine teraacetic acid 乙二胺四乙酸 
FPN Ferroportin 铁转运蛋白 
FSH Follicle-stimulating Hormone 促滤泡激素 
HAMP Hepcidin antimicrobial peptide Hepcidin 抗菌肽 
ISH In situ hybridization 原位杂交 
LB Luria-Bertani medium LB 培养 
LEAP-1 Liver expressed antimicrobial peptide 肝脏表达的抗菌肽 
LHRH-A3 Luteinizing hormone releasing hormone A3 促黄体生成素释放激素A3 
LH Luteinizing Hormone 促黄体激素 
LPS Lipopolysaccharid 脂多糖 
NCBI National center for biotechnology 美国国家生物信息中心 
OD Optical density 光密度 
ORF Open reading frame 开放阅读框 
PCR Polymerase chain reaction 聚合酶链式反应 


































小，仅有鳍棘 5条，鳍棘末端成丝状延长，其中第 3棘最长；第 2背鳍与臀鳍均
较长，其长度大体相等。尾鳍楔形，宽大（图 1-1）。雌性泄殖孔色红，大而圆，
雄性泄殖孔小而尖 [1-2] 。 
 
图 1-1 大弹涂鱼 









































本培育出 5 万尾大弹涂鱼苗用于增殖放流[8]，我国从 1986 年开始，张其永等在
厦门大学海滨实验室开始大弹涂鱼生殖生理和室内育苗的研究，取得了丰硕成果。
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